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PROCESS FOR CONVERTING HALOGENATED
ORGANIC MATERJAL INTQO CORRESPONDING
HYDROGEN HALIDES

Jay A. Cuil, Niagara Falls, and Thomas Hooker, Youngs-
town, IN.Y., assignors te Hocker Chemical Corporation,
Niagara Falls, N.Y., a corporation of New York

Original application May 21, 1959, Ser. Ne. 814,700, now
Patent No. 3,140,155. Divided apd this application
May 9, 1963, Ser. Ne. 294,209

2 Claims. (CL 23—155)

This invention relates to a process and furnace apparatus
capable of converting halogenated organic residue mate-
rials to recover hydrogen halide therefrom as a saleable
product.

This is is division of the parent application Serial Num-
ber 814,700, filed May 21, 1959, now U.S. Patent
3,140,155.

Halogenated residues from chlorination and bromina-
tion processes, such as residues from the chlorination
processes manufacturing hexachlorocyclopentadiene, ben-
zoyl chloride, benzyl chloride, chlorendic acid, etc., have
in the past presented a difficult disposal problem. They
are toxic to plant and animal matter, so that they should
not be sewered into rivers or lakes, nor should they be
dumped on land where the drainage therefrom would
reach waters being used for drinking. purposes. And
because they have a large amount of halogenated mate-
rial in them, normal furnace disposal means have been
unsuitable because the materials either would not burn
easily or gave free halogen in the exit gases which corroded
the equipment and contaminated the air. Further, the
halogen content of the residues was lost.

Therefore, it is an object of this invention to provide
a process and furnace apparatus whereby hydrogen halide
can be recovered in saleable form from halogenated or-
ganic residues.

Another object is to provide a process and furpace ap-
paratus whereby halogenated organic residues can be
converted into a hydrogen halide product having substan-
tially no free carbon and free halogen and no organics.

Another object is to provide a self-regenerative furnace
apparatus which can be operated continuously to burn
halogenated organic residue materials, and not require
being intermittently shut down to regenerate the needed
heat of ignition.

Another object is to provide residue disposal apparatus
which does not require auxiliary fuel during the disposal
operation, thereby reducing the disposal cost.

Another object is to provide a furnace capable of burn-
ing perhalogenated organic residues which are normally
considered to be noncombustible.

It has been found that these and other related objects
can be accomplished in a novel heat-recuperative furnace
comprising: an outer cylindrical firewall vertically posi-
tioned on a foundation at the bottom and covered at the
top, and said outer firewall having feed inlet means
therein; and an inner cylindrical firewall concentrically
aligned with the said outer firewall to form an annular
space between the two said firewalls, and said inner fire-
wall positioned on the said foundation and in communica-
tion with outlet means at the bottom and in open com-
munication with the top inner space of the said outer
firewall.

The accompanying figures have been given to show a
preferred embodiment of our invention; however, we do
not wish to be limited thereto except as defined in the
appended claims. FIGURE 1 shows a vertical cross-
sectinal view of our preferred furnace and FIGURE 2
shows a top sectional view of the same furnace.
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The furnace has an outer cylindrical firewall 1 verti-
cally positioned on a foundation 2 at the bottom and
covered at the top with refractory brick 3 and an insulated
manhole cover 4 which also serves as an explosion relief
means. The outer firewall 1 is constructed on the inside
of refractory material 5 which has a low heat conductivity
and which is resistant to free halogen, oxygen and hydro-
gen halide, such as mullite, a composition of aluminum
silicate. This is backed up by firebrick 6. An air gap 7
separates the refractory materials from a gas-tight steel
shell 8.

The furnace also has an inner cylindrical firewall 9 con-
centrically aligned with the outer firewall 1 so that an
annular space 10 is formed between the inner and outer
walls. The inner firewall 9 is also positioned on the
foundation 2 and is in communication at the bottom with
an insulated ontlet means 11. The inner wall 9 is in open
communication with the top inner space 12 of the outer
firewall 1. The innner wall 9 should be constructed of
heat conductive refractory material such as silicon carbide
brick, so that there can be an exchange of heat from the
inside 13 of the inner wall cylinder through the refractory
material to the annular space 10 and thereby both pre-
heat the incoming feed materials to their operation tem-
perature and cool down the exiting reaction products.
The height of the inner wall depends largely upon the
amount of effective heat transfer across the inner wall.

The outer wall 1 has a residue feed inlet means 14.
This inlet 14 is positioned in the outer wall preferably
below the top of the inner wall 9 and as close to the
bottom as possible without causing carbon build up in the
relatively cool bottom zone or a decrease in the effective
mixing of the gases in space 18. The angle of the inlet
14 is preferably downward and tangential to the cylin-
drical outer wall 1. The incoming residue materials in-
jected in this direction aids in creating a greater amount
of turbulance in the annular space 10, which in turn in-
creases the overall heat transfer rate across the inner
wall 9. The residue inlet 14 can also be used to introduce
air or other materials such as steam or hydrogen.

The outer wall 1 also has a second inlet 15 positioned
to have materials enter near the bottom of the annular
space 10. This second inlet means 15 is preferably used
to start up the furnace by injecting air and hydrogen or
fuel gas therein, and afterward to control or regulate the
composition of the final product by injecting steam or air
or a hydrogen source, etc., as required, as more fully
taught below. This inlet 15 can also be used to bring
the furnace back up to the required operating tempera-
ture if it drops below that point. Residue materials have
also been fed into the furnace through this inlet 15 and
converted successfully, but in general, the operation of
the furnace has not been as smooth. This inlet 15 is pref-
erably positioned in the outer wall 1 to be tangential to
the annular space in the same direction as inlet 14 which
aids in creating a greater amount of turbulence in the
annular space and thereby increases the efficiency of pre-
heating the reactant materials' and overall heat transfer
across the inner wall 9. Although the inlet 15 is depicted
in FIGURES 1 and 2 as being directly below the first inlet
means 14, this need not be done.

It is to be understood that we do not wish to be limited
to either inlet means for the introduction of residue mate-
rials and other combustion feeds. Successful conversions
have been accomplished by feeding everything in inlet 14,
or everything in inlet 15, or combinations of feeds in in-
lets 14 and 15.

As shown in FIGURE 1, the furnace preferably has a
reaction temperature indicating means 16 positioned in
the top inner space 12 of the outer wall 1. The furnace
preferably also has an exit temperature indicating means
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17 in the outlet 11. Suitable temperature indicating means
are thermocouples or pyrometers.

In general, temperature variations within the furnace
seemed to have little or no effect upon the overall reac-
tion in the range of 900 to 1300 degrees centigrade. When
burning perchlorinated materials, the furnace should be
preheated to 900 degrees centigrade; however, lower op-
erating temperatures have been found satisfactory ‘when
feeding more flammable materials. So far as we know, the
upper temperature limit is dependent mainly on the mate-
rials of construction of the furnace and the temperature
measuring devices, if employed.

Under normal conditions the temperature of the furnace
at the top of the inner space 12 was about 300 centigrade
degrees higher than the temperature of the exit gases.
However, if feed rates are increased above the capacity
of the furnace, more time will be required to bring the
reactants up to the operating temperature. Therefore, the
temperature of the inner space 12 will decrease, and the
exit temperature will increase, causing the furnace to be
in a state of thermal unbalance. Maximum furnace ca-
pacity of the furnace shown in FIGURES 1 and 2 was
found to be when the exit gas temperature 17 was equal
to the furnace temperature at space 12. However, this
is also dependent on the size of the annular space 10, the
heat transfer efficiency across the inner wall 9, the height
of the inner wall 9 and other factors.

In operating in accordance with this invention, the re-
sidue is introduced into a furnace along with a hydrogen
source to supply the hydrogen requirements and with an
oxygen source to supply the oxygen requirements. Since
the residue may already have some burnable hydrogen, the
amount of hydrogen source depends on the material to be
burned. The hydrogen source is selected from the group
consisting of steam, hydrogen gas, hydrocarbon gas and
mixtures thereof. If the residue contains sufficient burn-
able hydrogen, no additional hydrogen is needed. How-
ever, residues which have high convertible halogen con-
tents and little or no convertible hydrogen, will require
a hydrogen. source. Steam is the preferred source and,
when needed, the quantity necessary is only slightly high-
er than the theoretical amount required for the conversion
of chlorine to hydrogen chloride. However, large excesses
of steam over theory have been used without substantially
influencing the temperatures or retention time of the react-
ants. Likewise, the minimum amount of oxygen source
depends on the carbon content of residue burned. The
oxygen source is selected from the group consisting of
steam, air, oxygen and mixtures thereof. Where it is de-
sirable to recover the hydrogen halide as a saleable prod-
uct, it may be more economical to use oxygen rather than
air in order to avoid the greater gas processing costs and
equipment. The maximum amount of air which can be
used is that amount which does not unduly cool the fur-
nace.

The residue will burn when the furnace is maintained
hotter than that temperature of operation needed to main-
tain combustion decomposition. When perchlorinated
residues are decomposed into burnable byproducts, this
temperature may need to be at least 900 degrees centi-
grade, but residues which have more hydrogen may burn
initially at lower temperatures. The furnace can be pre-
heated to the operating temperature by any convenient
means, such as a hydrogen-air flame.

The residues which can be converted by this invention
are both those fluids and semisolids which are combustible
in ordinary waste disposal furnaces, as well as highly
halogenated organic residues which are normally difficult
or impossible to decompose completely in ordinary waste
disposal incinerators. Such residues include halogenated
organic materials entrained in hydrogen halide gas. Fur-
ther, the process of this invention provides a gaseous
product therefrom comprising hydrogen halide and car-
bon dioxide, and which has substantially no free chlorine,
free carbon or organi¢ compounds, This product may
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4 ,
therefore be further processed to obtain a saleable hydro-
gen halide product, such as by passing it through a hydro-
gen halide absorption apparatus.

Many residues have been successfully converted in ac-
cordance with this process. Among the residues which
may be converted are hexachlorocyclopentadiene, octa-
chlorocyclopentene, CzHCl;, C¢Clg, trichlorobenzenes,
tetrachlorobenzenes, trichlorophenols, pentachlorophenol,
monochlorotoluene, monochlorobenzyl chloride, chloro-
benzoyl chlorides, chlorinated aliphatic acids, sulfur-con-
taining chlorinated organics, and others. In general, the
residues are in liquid or slurry form, but they may be en-
trained in an inert gas, such as hydrogen chloride.

The outer firewall should be constructed of material
which has a relatively low heat conductivity and is resist-
ant to the chemicals in the furnace. The preferred mate-
rial is mullite, a composition of aluminum silicate. Other
materials which may be used to make the refractory are
alumina and zirconia.

The inner firewall should be constructed of a material
which has a relatively high heat conductivity and is resist-
ant to the chemicals in the furnace. The preferred mate-
rial is silicon carbide. Another choice is aluminum oxide.
However, the heat conductivity of aluminum oxide is
lower than silicon carbide and, therefore, the heat trans-
fer surface area of the inner wall may need to be increased
in order to obtain the desired heat recuperation. This can
be done by any convenient means, such as by adding
height to or by increasing the diameters of the furnace’s
outer and inner wallis.

The following examples are given to further illus-
strate our invention. However, we do not wish to be
limited by them, except as defined in the appended
claims.

Example 1

A furnace was constructed in accordance with FIG-
URES 1 and 2 and having an inside volume of approxi-
mately 60 cubic feet. The furnace was preheated with
a hydrogen-air flame at inlet 15 to a temperature of
about 900 degrees centigrade. Residues from a process
manufacturing hexachlorocyclopentadiene were then
metered into the first inlet means 14 at a rate of about
425 -pounds per hour. This feed comprised substantial
quantities of the following materials: CCly, C,Cly, CsClg,
The overall average
feed composition of the materials was twenty percent
carbon and eighty percent chlorine. In addition to the
residue fed, there was also fed 100 pounds per hour of
steam through the second inlet means 15. Air, at the
rate of 660 pounds per hour was also introduced, some
being fed in with the residue at inlet 14 to keep the
inlet feed tube cool, and the balance being fed in at the
bottom inlet 15. The furnace temperature at the top 12
was 930 degrees centigrade. The exist gas comprised
350 pounds per hour hydrogen chloride, 311 pounds per
hour carbon dioxide, 507 pounds per hour nitrogen,
and the balance was excess steam and oxygen plus
traces of carbon monoxide. The gases contained no
detectable free chlorine (Cly) carbon, or organics.

Example 2

In the furnace and manner after Example 1 hexa-
chlorocyclopentadiene residues were fed at a rate of 710
pounds per hour. Air and steam were fed as in Ex-
ample 1. The amounts of air and steam were controlled
so that no free carbon, chlorine (Cly) or organics were
detectable in the exit gases. The furnace operated for
a continuous period of 49 hours and the temperature
varied at space 12 from 900 to 1110 degrees centigrade.

Example 3

In a furnace and manner after Example 1, hexachloro-
cyclopentadiene residues were fed in at a rate of 425
pounds per hour. The steam feed rate was varied from
40 to 82 pounds per hour with an air rate of 650 pounds
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per hour. The temperature at space 12 in the furnace
varied from 955 degrees centigrade to greater than 1300
degrees centigrade. There were no detectable carbon
or organics in the exit gases. When the steam was fed
at the lower rate of 40 pounds per hour, some free
chlorine (Cl;) appeared in the exit gases; however, at
the higher steam feed rates, no free chlorine was
detectable.
Example 4

In the furnace of FIGURES 1 and 2, a mixture of
residues comprising about seventy-five percent benzoyl
chloride residues (having an overall average composi-
tion of sixty-five percent carbon, four percent hydrogen,
eleven percent oxygen and twenty-five percent chlorine)
and about twenty-five percent hexachlorocyclopentadiene
residues was easily disposed of using a feed rate of 175
pounds per hours of combined residue, 30 pounds per
hour of steam, and 970 pounds per hour of air. The
temperature at space 12 ranged from 990 to 1230 degrees
centigrade. The exist gases contained no detectable free
chlorine, carbon, or organics.

The hydrogen chloride produced by the furnace of this
invention can be recovered as a saleable product, via
any known means such as a hydrogen chloride absorp-
tion apparatus.

It is to be understood that in the specification and
claims of this invention “halogenated” organic residues
means those materials containing substituents of chlorine,
bromine, and mixtures thereof. The furnace may also
be used to dispose of fluorine and iodine containing or-
ganic residues, provided the furnace is constructed of
materials which will withstand these materials and their
products of combustion. It is also to be understood that
although we have described our process and operation
as being capable of burning halogenated residues, we

10

15

20

25

30

35

6

do not wish to be limited thereto, for the process and
apparatus can be used to burn other normally combustible
organic materials as well.

We claim:

1. A continuous process for converting halogenated or-
ganic materials into normally gaseous products com-
prising carbon dioxide and hydrogen halide, which com-
prises: introducing the said materials, with conversion
material selected from the group consisting of steam,
hydrogen gas, hydrocarbon gas, air, oxygen, and mix-
tures thereof, the amount of said conversion material
being at least the theoretical amount required for the
conversion of the halogen content of the said halogenated
organic materials to hydrogen halide, and the carbon
content of the materials to carbon dioxide into a heat-
recuperative furnace means; maintaining the furnace tem-
perature above that required to convert the said materials
of above 900 degrees centigrade, and recovering therefrom
a product comprising carbon dioxide and hydrogen halide
and having no detectable free halogen, free carbon and
organic compounds.

2. The process of claim 1 wherein the halogenated
organic materials comprise chlorinated organic materials
and are entrained in hydrogen chloride gas.

References Cited by the Examiner
UNITED STATES PATENTS

2,282,712 5/1942 Engs et al______.___
2,384,368 9/1945 Crouch et aloo . ..

OTHER REFERENCES

Degering et al.: Book, “An Outline of Organic Chem-
istry,” revised, 1937, page 94, Barnes & Noble, Inc., N.Y.

23—154 X
23—219

MAURICE A. BRINDISI, Primary Examiner.



